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Studies were conducted during the 1981 field seazcon to
obtain instream flow information from a portion of the Tongue
River near-the town of Davton. The studies were designed. to
provide results which could be used to determine instream 1 ow
needs for trout as well &s to evaluate potential flow-related
impacts of future water development activities,

METHODS

A1t of the fieid data used in this study were coltected from
& 32é& foot long study site lTocated on State property in the
northeast corner of Section 10, Township 56 North, Range 87 West,
Thie site contained a combination of pool and riffle hatritat for
trout that was representative of trout habitat features found
throughout this portion of the stream. Reecults and
recommendations were applied toc a portion of the stream extending
frem the confluence of the North and South Forks of the Tongue
River in the MWl 4 of 822 , TS54N, RE88W downstream to the east
section 1ine of Section 10, TSEN, RE7W. This ic & distance of
approximately 8.3 stream miles,. e

A phrsical habitat simuiation (FPHABSIM) model developed by
the Instream Flow Service Group of the U. £. Fish and Wiltdlife
Tervice (USFWS) (Bovee and Milhous 1978) was veed to identify
incremental changes in the amount of physical habitat (usable
areal for rainbow trout spawning and incubation habitat with
changes in flow. Data were collected at six transects which were
placed acrogs each habitat type within the study segment.
Velocities and depths were measured at | to 2 foot intervalse
across each transect during 3 . different flow svente (Table 1),
These data permitted simuiation of physical habitat over a Pangs
of flows between 30 and 500 cfs. :



Taﬁ¥@~1f5”§é%eé and. discharges when instream flow data were
catlected.

Date : Lo Discharge (ctsl
Qr-0g-gt 205
Gg~05-81 105
ge-i5-81 S ‘ 75

The Hahitat Retention method (Nehring [97%) was used to
iderntify a flow for maintain ng adequate levels of zgquatic insect
productiaon and fish passage through riffle areas. Data from
mingle transects placed across three riffles within the studyr
ares were analyzed using the IFG-1 computer program (Milhous
15979y, Flow data were collected on the same dates that FHABSIM
dats were collected (Tabie 1>, -The instream flow recommendation
for thie method was determined by identifring the discharge at
which two of the three hydraulic criteria in Table 2 were met at
211 riifle cross sections in the study segment.

Takle 2. Hvdraulic criteria used to obtain an instream + 1o
recommendation ueing the Habitat Retention method.

Cateqory : e : o Criteria
Aaverage Depth (FY) I : Top width * 8.01
swerage Velocity (ft per sec) - 1,00
Wetted Perimeter {(percentl®. L : 28
% - Compared to wetted perimeter at bank full conditions.

The MHabitat Ouaiity Index (HREI) developed by the Wroming
Game and Fish Department (Binne and Eiserman 19782 was vsed to
entimate potential changes in trout standing crops ouer a rangs
a% iate summer flow conditions., This model incarporatez seven
sttributes that address chemical, phyvsical as well as biological
compoments of trout habatat. Fesyl ts are expressed in habitat
units (HUY per acre. Analyses obtained from this method apgpiy
primar iy to the time of wear that governs ftrout producticn. On
the Tongue River this time pericd is hetween July 1 and Ssplember
e, R . :

gy messuring habitat attributes at various ficw events as if
sesociated habitat features were typical of jate summer + 1 ow
conditions, HU estimates can be made for a range of theoretical
summer +1ows. Habitat attributes on the Tongue wer e measured on
the same odatee and at the Fflow levels that data were collegted
for the PHABSIM and Habitat Retention models (Tabie 1). Ta
hetter define the potential impact of other, lower fate cummer
£1m conditions on the existing siream fishery, some atitributes
were derived mathematically or obtained from existing gage data
i £1cmwe lower than those which were measured., Gage data were



obtained from a 4. S, Geological Survey gage located near the
downstiream end of the instream +1ow seament for the period of
1#1% to 1980.

Results from the HE! and Habitat Retention models were
combined to identify the flow needed to maintain exigting levels
of trout production between July | and SCeptember 30, FResults
from the Habitat Retention mode! were used to identify a flow
from October | to March 21 which would maintain or improve trout
Burvival.  Fecults from the FHABSIM model for spawning and
incubation life stages were used to identify flows which would
improve rainbow trout reprdductive success. Rainbow troyt
generally spawn in April and their £40% hatch in June., The
spawning flow recommendation thersfore applies to the pericd from
Fpril L to April 30 and the itncubation $1ow recommendation
appiies to the period between May 1 and June 30.

RESULTS

Results from the Habitat Retention model showed that flows
wf 5%, 02 and 48 cfs are necessary to maintain aquatic insect
production and fish passage at riffles I, 2 and 3 respectivelw
CAppendix A).  The maintenance flow derived from thie method iz
detined as the flow at which two .of the three hydraulic criteria
zre met for &1l riffles in the study site which in thits case is
59 cfs. :

Kezulie from the HREI analyees (Figure 1) indicate that trout
densities in.this portion of the Tongue would be maximized at an
average late summer flow of approximately 100 cfe. Gage data
trom the U, S. Geclogical Survey gage near the study site show
that the lowest averags monthly +low for tate summer cccurs in
weptember and is approximatsly 90 cfs. The trout fichery in this
stream seogment is adapted to this £1ow regime and the stream
presently provides between 155 and 183 HU < per acre, The
derzity of ftrout would be only elightly reduced at a flow of &0
cfs in late summer; however, at lower f]ows signiticant
reductions in the fishery would likely occur. These reductions
woild largely be the result of lower critical period fiow, higher
annual Flow variation and higher stream water temperatures,

HBaszsed on the results of the above two model s, an instream
flow of &0 cfs is recommended to maintain existing levels of
trout production between July | and September 30,
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Figure 1. MNumber of potential trout habitat uniis at several
iate summer flow levele in the Tongue River.

It is & well documented fact that substantial losses of wild
trout occur in the winter, particularly in relfatively high
siavation streams l1ike the Tongue River.  Kurtz (1980 found that
the lots of winter habitat due to low flow conditions wase an
imporfant factor affecting mortality rates of trout in the Green
River in Wroming.  Needham et =21, {1945 documented overwinter
icsses of brown trout ranging up to 85 percent and averaging ouver
A0 percent in & Talifornia stream. EButler (1%97%) reported
significant trout and aquatic insect losses caused by anchor ice
faormation. Reimers (LF57) concidered anchor ice, collapsing show
panks and fluctuating fiows resulting fran the periodic formation
and breakup of ice dams to be the primary causes of trout winter
mortality., These studies were all conducted on unreguiated
sitreams and tluctrate the severe canditions that trout are
gxposed o naturally during the winter,

The causes of winter mortality discussed above are 11
reatly influenced by the guantity of winter flow in terms of its
Hility to minmize anchor ice formation Sincreased velocity and

i

i

3

emperature loading) and dijute and prevent snow bank collapses
aned ice dam formation reepectively. Any reduction of natursl
winter stresam flows would inorease trout mortalify and
séfectively reduce the number of fish that the stream could
suypport, The fishery management obJsective for the tims period
from October | to March 31 b= subsequentiy to protect all
zvaitable natural stream Flows in the insitream flow segment.

Eas'}
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The Habitat FRetention method was developed to identify &
£1mw that would provide adequate survival of aquatic insecis In
riffle mreaxe and provide passage for trout between different
habitat types in the stream, Maintenance of these features i3
important vear round and as a consegueénce, the previously
identified flow (40 cfsr that will maintain these features during



free-~tlowing conditions <(when ice isg not on the ztream? also
appiies to the period between October ard March 21, Natural
undepieted flows during thiz time period that are less than &0
cte will maintain trout surviuval at tte current level since the
existing trout population has evolued under these conditions.
Stream flows greater thanm the winter survival maintenance 1o
will increase trout surviual.

¥

Freliminary analyses indicate that the recommended winter
instream flow is not available naturally on occasicon in the
portion of the Tongues addressed by these studies. This does not
indicate a need for storage to provide the recommended f1ow byt
instead shows that the entire availzable natural fiowm Cup to &0
=fs) s needed through the winter to maintain trout survival at
its precent leusl,

Resulte from the FHAESIM model for ratnbow trout spawning
and incubation habitat (Figure 2) show that flows of 80 and 180
cfs respectively would provide the maximum amount of usablte areax
tor these life stages. Natural f)]ows during the period when
ratnboww trout spawn are significantly greater than these f1cws
under normal conditions. Al thouagh the present 41ow regime
provides adeqguate recroitment to support the existing stream
fishery, reductions in flow to 80 cis from April 1 to aApril 30
and 180 cfe from May | to June 30 would improve spawning success
and standing crop of rainbaowm trout in the stream.
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Figure 2. Percent of maximum usable area (MUAY for
spawning and incubation 1ife stages of rainbow trogt,
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COMCLUSTONG

EBazed on the anzlvses and reeulte contzxined in this report,
the instream flow recommendations in Table 3 apply to an 8.3 mile
segment of the Tongue River extending downstream +from the
confluence of the MNorth and South ForkKs of the Tongue River
to the east section line of Section 10, TSEN, REFW.

Table 3. Summary of instream flow recommendations for the Tongue

River.
Time Instream Flow
FPer iod . . : Recommendation t(cfel
Julty 1 to September 320 &0%
fetober 1 to March 3 P T
April 1 to april 30 BOxex
May 1 to Jupe 20 - - I8

% ~ Feasibility determined by availability at Jeast 530 percent
of thie time period '

## - To maintain existing natural flows up to the specified
amoun = ‘

P
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AFPENDIX A

Simutated bydravlic. sriteria for three riffies on the Tongue Riwer.

Ritfle 1

Auerags Average Wetted :

Depth Velooit bty Ferimeter Discharge
(+5) iftrzeg ) {percent) to¥es
1.o¥= 0.47 YA 27.8
1.47 0.55 8.2 34.8
1 .51 g.5% S8 & 8.8
1.5& .64 A3.9 43.2
1.a0 0.é4 &% .3 47 .9
.68 0L 77 AL 58.0%
1.77 g8.%1 P O 1.7

1,85 1.,049% Zi.2 86.8
CRiffle 2
0,75 0,&% Sl 21.3
0.83 .78 57,6 27.1
.88 G.a7 &Z .4 34.1
0.%3 0.%s &4.5 dz2.3
1.040 1.07% &é LD SZ.0%
1.a% 1.18 &7 .0 &3.2
i.1& 1.2¢ AH8. ¥ 7é&.0
.23 1,42 FO Px 0.6
Rifflte 3
0. 38 Lo TEELE 16.%
0.55 1.18 7.4 22.8
IS 1,24 50.8 28.4
.45 1.2% 54.3 34.7
.72 1.5 9.1 4.8
G.77E 135 &1.5 48, dxx
oood 1.45 4%.0 SE, 4
0,98 .57 0.0 5.5

% — Minimum hrdraviic criferia met
£% - Maintepance 10w



